Purpose: To describe corneal sensitivity changes caused by different incision methods-manual small-incision cataract surgery (manual SICS) and phacoemulsification-and their influence on tear film quantity and quality.
C ataract is the major cause of blindness in the world and also in Indonesia, where it affects 0.78% of the population. [1] [2] [3] Cataract can only be resolved by surgery at present, and the small-incision technique is increasingly popular. This technique provides quick recovery of vision and short-term wound recovery and allows managed ocular chamber depth during surgery. [4] [5] [6] [7] Manual small-incision cataract surgery (manual SICS) and phacoemulsification techniques have different characteristics in site and depth of incision. In manual SICS, a straight incision is made on the superior sclera and penetrates the cornea at the level of the Schwalbe line, whereas phacoemulsification involves a clear corneal incision at the temporal site. [6] [7] Corneal nerve fibers are located in the stromal layer and originate from the temporal and nasal areas, then bifurcate through the entire cornea, with the most dense fibers located in the central and paracentral areas. 8 Incision at any site of the cornea may cause disruption, consequently reducing corneal sensitivity and affecting the tear production reflex, which is triggered by stimuli toward the branch of the trigeminal sensory nerve on the corneal surface, sending impulses to the central nervous system and subsequently efferent signals to the lacrimal gland. The reflex is known as the lacrimal functional unit.
Kadonosono et al 9 reported profoundly reduced corneal sensitivity after corneal incision compared with scleral incision. After phacoemulsification, depleted corneal sensitivity occurs not only at the site of incision but also in areas far from the incision site. 10 Recovery begins after .1 year, although it never returns to normal. A decrease in corneal sensitivity may disturb the tear film. Ram et al 11 showed that in patients with dry eye after phacoemulsification, there was a reduction in Schirmer test values and fluorescein breakup time, and these individuals also developed superficial punctate keratopathy or epithelial defects.
The aim of this study was to identify the change of corneal sensitivity and its influence on tear film quantity and quality, related to differences in corneal incision methods by comparing manual SICS with clear corneal incision in phacoemulsification.
METHODS

Study Design
An observational prospective study was conducted. Elderly patients with cataract who underwent manual SICS or phacoemulsification with polymethacrylate rigid implanted lenses were recruited consecutively from September to November 2006. Manual SICS was conducted in Buleleng, North Bali, by a surgeon (N.S.), whereas phacoemulsification procedures were conducted in Cipto Mangunkusumo Hospital by a surgeon (J.A.H.). Both surgeons have high expertise and experience in each technique. Subjects with contact lenses, history of surgery, trauma, or inflammation in the anterior segment or who were on medications or eye drops that might disturb tear film were excluded, as were those with diabetes mellitus or hypertension. Informed consent was obtained from all the participants, and all procedures adhered to the tenets of the Declaration of Helsinki. Ethical approval was obtained from the Ethical Committee of the Faculty of Medicine, University of Indonesia.
Corneal sensitivity was tested by Cochet-Bonnet esthesiometer on 5 locations of the cornea (central, superior, inferior, nasal, and temporal). Tear quantity was measured by Schirmer strip (Clement Clarke, Harlow, Essex, UK), tear quality by noninvasive breakup time (NIBUT), tear meniscus by slit-lamp biomicroscopy, and lipid pattern by Tearscopeplus (Keeler, Windsor, Berkshire, UK). Symptoms were recorded using the Ocular Surface Disease Index (OSDI) questionnaire. Data were obtained before and 1, 7, and 15 days after surgery. Corneal sensitivity, tear production, tear meniscus, NIBUT, and OSDI of each individual on days 1, 7, and 15 were evaluated and compared.
Data Analysis
Comparison of preoperative and postoperative data was assessed by t test and Wilcoxon rank sum test, whereas independent t test and Mann-Whitney were used to compare data between groups. Statistical significance was considered if P , 0.05. Spearman correlation or Pearson correlation tests were used to analyze intervariable relationships. Data were processed using the SPSS 12.0 program.
RESULTS
Patients' baseline characteristics including age; gender; corneal sensitivity at the central, superior, inferior, temporal, and nasal location; quantity and quality of tear film (NIBUT, tear meniscus height, and tear lipid pattern); and OSDI score were similar (P = NS) in the 2 groups at the start of study (Table 1) . Manual SICS procedures were significantly (P = 0.028) more often performed on the right eye compared with phacoemulsification surgery.
One day after surgery, in the group undergoing manual SICS, there was a deep reduction in corneal sensitivity on the superior quadrant and in other areas, but this was not significant compared with the level before surgery. In the group undergoing phacoemulsification, the most depleted corneal sensitivity was found on the temporal quadrant, followed by the central and nasal quadrants. The changes in corneal sensitivity were significantly different between the 2 groups (P , 0.005).
Seven days after surgery, corneal sensitivity improved in the group undergoing manual SICS, except for in the temporal quadrant, and all areas approached baseline values on day 15.
In the group undergoing phacoemulsification, reduction of corneal sensitivity persisted even after days 7 and 15, and was similar to that noted on day 1 (Tables 2 and 3 ). Reduction of corneal sensitivity on the temporal side was strongly correlated with reduction on the inferior side (r = 0.841), suggesting that temporal site incisions deplete corneal sensitivity both in the incision area and further away, and that this complication does not return to its preoperative value within 2 weeks. Corneal sensitivity deprivation differences between groups were significant in every area on days 7 and 15 ( Fig. 1) .
Tear stability decreased significantly on day 1 in the group undergoing manual SICS and recovered on days 7 and 15. In the group undergoing phacoemulsification, tear stability remained the same on days 1, 7, and 15. The changes in tear stability showed no difference between groups (Fig. 2) . Tear production profoundly increased only on day 1 after surgery (P = 0.016), then decreased on days 7 and 15 in both groups, although it did not reach its baseline value in the group undergoing phacoemulsification. Patient symptoms significantly increased on day 1 in both groups (manual SICS, P = 0.05; phacoemulsification, P , 0.01) and showed improvements on days 7 and 15 ( Fig. 3) . In the group undergoing phacoemulsification, symptoms remained evident on day 15 compared with the group undergoing manual SICS (P = 0.044). In both groups, tear meniscus height and tear lipid pattern were unaffected by surgery on each assessment day.
DISCUSSION
Current cataract surgical procedures all require corneal incision to enter the intraocular chamber and may disrupt normal organization of the corneal nerve. After cataract surgery, many patients complain of tearing and foreign body sensations, which are commonly presumed unwanted effects of cataract surgery. The effects may worsen in elderly patients and those with ocular surface problems or dry eye. This study aimed to evaluate the effect of corneal incision on corneal innervation and on tear film quality and quantity as its sequelae. We observed that unlike scleral incision, temporal site corneal incision reduces corneal sensitivity in the surgical area and other areas far from the incision site for #2 weeks after surgery.
The subbasal nerve encounters the cornea from the limbal side-mainly from the temporal and nasal quadrants-then divides toward the central area. Corneal incision at the temporal site may cut the base of corneal nerves, [12] [13] [14] and widening the incision from 3.2 to 5.5-6.0 mm during polymethylmethacrylate intraocular lens insertion or a second port insertion may worsen the reduction in corneal sensitivity in the area of penetrated cornea and its surroundings. The grade of cataract may lengthen the phacoemulsification time and burning corneal incision may also cause broader nerve damage and expand corneal denervation through the central cornea, although these were not evaluated in this study. These possibilities may be encountered even if the procedure is done by an expert.
According to Kohlhaas, 8 opening the conjunctiva and cauterization of the episclera vessel in the sclera, tunnel preparation, and corneoscleral dissection may disturb the circumcorneal nerve network in which bundles of nerves with myelin assemble before entering the cornea. Similar functional types of sensory fiber and nerve origin in sclera have been identified; therefore, traumatized sclera may lead to desensitization of nerves and decrease corneal sensitivity, although the density and stimulation threshold of the nerve system in sclera are lower. 15 In this study, we could not confirm whether scleral incision performed in manual SICS significantly depleted corneal sensitivity. Scleral incision in manual SICS may not cut across the corneal base nerve when penetrating the cornea at ,53% of corneal thickness and spares the base nerve. Enlargement of scleral incision in the case of difficulties to remove lens nucleus may cut the corneal nerve at a similar level to where it penetrates the cornea and deflect the extent of nerve damage.
At the cellular level, surgical manipulation induces neurogenic inflammation within minutes after the start of surgery.
14 Corneal incision causes the release of endogenous inflammatory mediators such as protons, K + ion, cytokines, amine, kinines, arachidonic acid, neurotropine, and peptides that change potential action in nerve receptors and decrease response levels, which reduce corneal sensitivity. 16 There are 2 phases of nerve recovery after corneal incision. The first phase is simultaneous with corneal wound healing, and the second starts about 25 days later. The first phase begins with the appearance of neurite cells and the second with that of new neurite cells that play a role in regeneration of subepithelial corneal axon nerve and release of new mediators such as neural growth factor. This might explain why we saw no improvement of corneal sensitivity on days 7 and 15, unlike the recovery of the scleral nerve system, which begins after 25 hours and achieves normal levels within 8-10 days. 17, 18 In this study, the manual SICS procedure was mostly done on the right eye. Surgeons will usually use their right hand to make a 3.2-mm second port in the temporal site to ease surgical manipulation. The port on the temporal site may further contribute to damage of the cornea base nerve and disrupt temporal quadrant sensitivity and that at other locations. In the group undergoing phacoemulsification, depletion of temporal cornea sensitivity correlated with the inferior area because 66.7% of surgery was done on the left eye in which the second port was made on the inferior side.
In the present work, corneal sensitivity changes at the incision area were highly associated with central corneal sensitivity. Muller et al 19 reported that large nerve fibers run in the 9-to-3-o'clock direction, and bifurcate several times in such a way that a homogenous distribution of nerve endings over the central and paracentral cornea is achieved. Therefore, nerve damage in the temporal or nasal quadrants may disturb corneal sensitivity of the central cornea. In this study, corneal FIGURE 1. Corneal sensitivity changes after manual small-incision cataract surgery and phacoemulsification. FIGURE 2. Tear production changes after manual smallincision cataract surgery and phacoemulsification. Tear production increased on day 1 after surgery, then reduced on days 7 and 15 in both groups. In the group undergoing phacoemulsification, tear production on day 15 was lower than that before surgery. sensitivity was not significantly affected by gender and age. The distribution of subjects of older ages in both groups may be the cause of failure to meet significant differences.
In this study, aqueous production increased 1 day after manual SICS and phacoemulsification. Immediately after surgery, irritation may stimulate the inflammatory process and increase tear production. Thus, the Schirmer test without anesthesia was performed to provide a summative result of aqueous production by lacrimal gland and irritation.
14 Alfonso et al 20 found a correlation between irritation and Schirmer test result (without anesthesia). Because the inflammatory process subsides naturally or after administration of anti-inflammatory eye drops, aqueous production decreased by day 15. Moreover, in the group undergoing phacoemulsification, this parameter decreased even below normal values. In dry eye, in elderly subjects, and after the laser-assisted in situ keratomileusis (LASIK) procedure, decreased corneal sensitivity has been reported to reduce tear production. 10, 21, 22 The relationship between corneal sensitivity and aqueous production may be explained by the concept of the lacrimal functional unit. [8] [9] [10] [11] [23] [24] [25] [26] [27] Correlation between decreased corneal sensitivity and decreased aqueous production was not confirmed in this study.
In this study, lower tear quality was found in the group undergoing manual SICS than in the group undergoing phacoemulsification. Conjunctiva dissection and cauterization of the episcleral vessel within the initial procedure might have caused loss of microvilli, loss of goblet cells, and decreased mucoprotein production, thereby disrupting tear film stability. 28 After phacoemulsification, reduction in Schirmer test values and tear breakup time have been reported on days 1 and 2 after treatment. 11, 21 In this study, however, tear stability in the group undergoing phacoemulsification remained the same as before surgery. Disruption of tear stability can be influenced by other mechanisms because the conjunctiva was not affected and preservative-free drops used might prevent worsening of tear quality. Prolonged depletion of corneal sensitivity, which did not improve by day 15, may reduce aqueous production and affect tear film stability. In this study, mucin pattern, another component that determines tear stability, [28] [29] [30] [31] was not examined so as to minimize postoperative manipulation after cataract surgery. Therefore, one of the limitations of this study is that the effect of cataract surgery on mucin pattern and its influence on tear film stability could not be evaluated.
In subjects in the group undergoing phacoemulsification, disrupted tear stability and decreased aqueous component production worsened symptoms. It is known that decreased aqueous production may induce symptoms of dry eye such as tearing, pain, foreign body sensation, and fluctuation of vision. 10, 22, 23, 26, 32 Ram et al 11 observed increased symptoms after phacoemulsification until the fourth week. However, none of the stimuli that were effective in the cornea were capable of stimulating tear secretion. 15 Cataract surgery with small incision is currently popular. This study specifically identified corneal sensitivity changes not only in the incision area but also in other quadrants far from the incision site after manual SICS. However, this study had a number of limitations, including the short time of assessment. The manual SICS procedure takes a relatively long time to perform and produces significant problems, such as irritation and corneal edema, and often entails need for parabulbar anesthesia, which causes discomfort to patients. 4, 5, 33 These outcomes may also independently influence corneal sensitivity and inflammation.
Recovery of corneal sensitivity in this study was demonstrated more rapid in the superior scleral and clear corneal incision, which decreased corneal sensitivity and influenced tear film instability in line with symptoms. Therefore, before performing surgery on elderly patients with cataract, examination of tear film quality and quantity should be done, and surgeons should understand the effect of the cornea incision site. Tear substitution may be early considered, especially after phacoemulsification in the elderly and patients with ocular surface problems.
